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Expression of the 14 kDa galactose-binding protein, galectin-1, on
human tubular epithelial cells. By reverse phase PCR and Northern
blotting, RNA of the 14 kDa galactose-binding protein (galectin-1) could
he identified in primary cultures of human tubular epithelial cells. To
assess protein synthesis and the possible function of galectin-1 on TEC,
the cellular proteins were biosyntheticically labeled with [35S]-methionine
and adsorbed to immobilized laminin. Multiple radiolaheled proteins were
eluted, a strong band in the area of 14 kDa was seen, coinciding with the
galectin-l band as identified by Western blotting. Surface expression of
galectin-1 was seen by cytofluorometry with two different polyclonal
antibodies to galectin-1. These data are in line with the finding that tubular
epithelial cells adhere to laminin, partly in a Ca2 p-independent manner.
Molecules mediating adherence of cells to extracellular matrix
proteins have gained increasing interest, especially since it became
obvious that many biological processes, including proliferation,
differentiation and also protein synthesis are influenced by adhe-
sion proteins [1, 2]. In the present study we investigated binding of
human tubular epithelial cells (TEC) in culture to laminin.
Numerous binding proteins for laminin have been described on
various cells, among those members of the integrin family, VLA-1
[31, VLA-2 [4, 5], VLA-3 [6—9], VLA-6 [10, 111, VLA-7 [12]. In
addition, a 67 kDa laminin receptor [13—15] has been found, as
well as a 14 kDa galactose binding protein [16] [reviewed in 17].
Binding to the receptors of the integrin family is calcium depen-
dent [18], whereas binding to the 14 kDa galactose-binding
protein depends on the poly-N-acetyllactosamine sequences
([3pGalpl—4GlcNAcpIn), thus allowing the discrimination be-
tween the different binding proteins that may be expressed on the
the same cell [18].
On TEC the integrins VLA-3 and VLA-6 have been described
as a possible ligand for laminin [19—21] as well as a 67 kDa
laminin receptor [13—151. We found that adherence of TEC to
laminin is only partly dependent on Ca24, also indicating the
participation of Ca2 independent binding sites. By reverse phase
PCR and Northern blotting the mRNA of the 14 kDa galactose-
binding protein (gaiectin-1) could be identified; synthesis and
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surface expression of the protein were verified by biosynthetic
labeling, immunoblotting and cytofluorometry.
Methods
Tubular epithelial cell culture
TEC were cultivated following the protocol of Triffilis, Regec
and Trump [221. Briefly, tissue was obtained from patients under-
going nephrectomy due to renal carcinoma. Only histologically
normal tumor-free tissue was used for the preparation. The
fibrous capsule was removed and an approximately 1 cm3 portion
of tissue from the outer cortex was cut into pieces of approxi-
mately 1 mm3 in size. The tissue was treated with 230 U/mI
collagenase (Sigma, MUnchen, Germany) for 30 minutes at 37°C.
TEC were isolated by sequential sieving procedures as discribed
by Triffihis et al [22]. TEC were washed three times with DMEM
(Gibco, Eggenstein, Germany) and then suspended in DMEM
containing 10% fetal calf serum, 1% antibiotic, 0.1% insulin (5
mg/mI), 1% BME (all obtained from Gibco) in a concentration of
4 X i0 cells/mi. The cells were placed in a 24-well culture dish
(Nunc GmbH, Wiesbaden-Biebrich, Germany). After two days,
the cells were rinsed with DMEM. Confluent cells were subculti-
vated after removal with trypsin-EDTA lOX (Gihco) diluted 1:10
in phosphate-buffered salt solution (PBS) pH 7,4. The cells were
passed every four days. All experiments were performed using
cells of passages 3 to 4. TEC were identified by: (1) characteristic
polygonal, typical cobblestone morphology; (2) expression of the
surface antigens aminopeptidase M, angiotensinase A and CD1O
(brush border [231) detected by cytofluorometry; (3) and expres-
sion of cytokeratin detected by indirect immunofluorescence.
Immunohistology
To detect cell-associated antigens, TEC were grown on glass
cover slips. Confluent cell monolayer were fixed with ethanol for
actetone (99%, ice cold, 1 mm). The fixed cells were washed
briefly in phosphate-buffered saline (PBS), and incubated with
PBS, containing 0.2% BSA in a moist chamber at room temper-
ature. To detect cytoskeleton proteins, acetone-fixed cells were
incubated with antibodies to cytokeratin (Boehringer, Mannheim,
Germany) for two hours. Then, a FITC-labeled anti-mouse IgG
was used and fluorescence was examined microscopically. To
detect laminin, acetone-fixed cells were first incubated for 15
minutes with avidine (Camon, Wiesbaden, Germany), and after
washing in PBS-BSA incubated 15 minutes with biotin (Camon).
Then goat serum, diluted 1:10 was added to block nonspecific
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binding sites. Anti-laminin (Sigma, Deisenhofen, Germany) di-
luted 1:4 was added and after 30 minutes the cells were washed
three times. Then a biotinilated antibody to mouse IgG (from
goat; diluted 1:50 in PBS-BSA) was added for 30 minutes. After
repeated washing, streptavidin Cy 3 antibody (Dianova, Hamburg,
Germany; diluted 1:1000 in PBS-BSA) was added and fluores-
cence was examined microscopically.
Cultivation of HL6O
HL6O were cultivated in RPMI containing 10% fetal calf serum,
1% antibiotic and 1% L-glutamin (all obtained from Gibco) in a
concentration of 5 x i0 cells per ml in a 250 ml culture flask
(Nunc). After two days the cell number reached 2 X 106 cells per
ml.
Cell adhesion assay
Wells of a 24-well culture dish (Nunc) were coated over night at
4°C with either 200 pi mouse EHS Laminin (ICN Biomedicals,
Inc., OH, USA) in a concentration of 10 jig/mI, with fibronectin in
the same concentration or with BSA. Then the plates were washed
and free sites were blocked with 1% BSA in PBS for one hour at
room temperature. TEC of the third passage were removed from
the plate by trypsin-EDTA and were washed two times. To
measure the Ca2 dependend adhesion, cells were suspended
either in DMEM containing 1% BSA or in DMEM containing 1%
BSA and 4mM EDTA. To each well 5 X iO cells in a total volume
of 500 jil were added. After one hour at 37°C, the wells were
gently washed with DMEM and the remaining cells were quanti-
tated by staining with crystal violet (Sigma).
Crystal violet staining
To estimate number of adherent cells, a staining procedure was
used based on the uptake of crystal violet into the cells and
measuring the optical density of extracted dye. The cells were
washed and fixed with 1% glutaraldehyde for 15 minutes at room
temperature, followed by three washing cycles with destilled
water. Then the plate was air dried at 37°C. Cristal violet was
disolved in 200 m boric acid in a concentration of 0.1% and then
200 jil cristal violet solution was added per well. After incubation
for 20 minutes at room temperature, the stained cells were washed
three times with destilled water and air dried at 37°C. The dye was
extracted with 10% acetic acid for 15 minutes at room tempera-
ture and optical density (OD) was measured at 570 nm in an
ELISA-reader (SLT-Labinstruments, Austria). Standard curves
with a defined cell number showed a linear correlation between
the O.D. at 570 nm and the cell number in a range from iO to 5 X
IO cells. The standard curves were used to calculate the absolute
cell numbers. All experiments were carried out in six parallel
wells. Data are presented as mean so. Significant differences of
the means were calculated using the Anova one way test.
Biosynthetic labeling of cells with f5SJ-methionine and absorption
to laminin
TEC of the third passages were washed with DMEM without
additives and incubated at 37°C with I ml medium containing 100
jiCi/mi [355]-methionine (1000 Ci/mmol; Du Pont, Dreieich,
Germany), using Ultroser TM (2%) as the FCS substitute. The
cell supernatant was removed after 24 hours and the remaining
cells were washed and lysed with cold cell-lysis buffer (PBS, 0.01
M EDTA, 0.001 M PMSF, 0.01% NaN3, 1 mg/ml CHAPS).
Cell-supernatants and cell lysates were centrifuged at 10,000 g at
4°C for 15 minutes to remove cell debris. Laminin binding
proteins were then isolated by adsorption to laminin coupled
CNBr-activated Sepharose 4B (Pharmacia, Uppsala, Sweden).
Coupling of laminin to the CNBr-activated Sepharose was done
strictly following the instructions given by the manufacturer. The
cell supernatants and cell lysates were adsorbed to the laminin.
After washing with MPBS (75 m'vi NaCI, 57 mM Na2HPO4, 18 mM
KH2PO4, 2 mi EDTA, 4 mivi p-mercaptoethanol, pH 7.5), the
laminin-binding proteins were eluted with 3 M NaSCN. The eluted
proteins were separated by a 7.5% SDS-polyacrylamid gel elec-
trophoresis. The gels were transfered to Whatmann paper, dried
and exposed to Kodak X-Omat films at —70°C for three months.
Western blotting
To obtain the membrane proteins of TEC, the cells were
washed and frozen at —20°C over night. The cells were then
thawed, centrifuged at 15000 rpm and than the membrane pellet
was suspended in SDS-sample buffer. Samples were electropho-
resed on a 4 to 17% polyaciylamide gradient gel in a Lämmli
system [241 and electroblotted onto nitrocellulose (0.45 jim;
Schleicher & Schuell, Dassel, Germany) by dry-transfer. The
nitrocellulose filter was incubated with 2% casein in TBS over
night. To detect the 14 kDa galactose binding protein following
antibodies were used: a polyclonal rabbit anti-galectin-1 antibody
[25], rabbit IgG, and as second antibody a peroxidase conjugated
goat anti-rabbit IgG was used (Dianova, Hamburg, Germany).
The specific 14 kDa protein band was seen after developing the
substrate reaction.
Flow cytornetric analysis
Surface-associated laminin and galectin-1 were tested by flow
cytometry using a Becton Dickinson FACScan flow cytometer.
TEC were removed from culture plates by incubating with trypsin-
EDTA. The cells were washed three times with FACS-Puffer
(PBS containing 0.1% Na-acide and 1% BSA). TEC were then
incubated with anti-laminin (Sigma) from mouse as first antibody
in a dilution of 1:50 for 30 minutes at 4°C. The cells were washed
three times with FACS-Puffer and another incubation with fluo-
rescein-conjugated anti-mouse IgG (Dianova) for 30 minutes at
4°C followed. After this step TEC were washed again three times
and than fixed in 200 pi of 1% PFA. Four thousand events were
counted; significance was calculated using the Kolmogorov-
Smirnoff test [261. To detect galectin-i on the surface, essentially
similar experimental conditions were used. Two different anti-
galectin antibodies, BAB 93 and ROB 92 [25], were used in a final
concentration of 0.4 jig per 106 cells and for comparison rabbit
IgG in the same concentration. Then cell were incubated with a
FITC-labeled anti-rabbit IgG from goat (Dianova) and fixed and
analyzed as described above.
Synthesis of oligonucleotide probe
RT-PCR technique was used to generate a probe specific for
the 14 kDa- galactoside binding lectin. The 24-mer oligonucle-
otide 5'-CGC TFC AAC GCC CAC GGC GAC GCC-3' was
designed as the 5'primer and the 23-mer oligonucleotide 5'-GGC
AGC TGC CT[ TAT TGG GGG CC-3' was designed as the
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Fig. 1. Detection of the 302 bpfragment of the 14 kD lectin binding protein.
Lane M (DNA size markers, (1 Kb-DNA ladder, Gibco); lane 1, 302 bp
PCR product; lane 2, negative control (PCR procedure in the absence of
reverse transcriptase).
from total RNA of confluent TEC plates as a template. First-
strand eDNA synthesis primed with the T11GA oligonucleotide
(5'-1TrTrITrrrrGA-3') was carried out by using a Super-
Script RNase H-Reverse Transcriptase (BRL, Eggenstein, Ger-
many). PCR amplification was performed with 30 cycles, using a
cycle of denaturation for one minute at 94°C, annealing for one
minute at 60°C, and an extension for one minute at 72°C. The
PCR product was purified by electrophoresis on a 2% agarose gel,
electroeluted, cloned into the pGEM-T vector (Promega, Heidel-
berg, Germany) and sequenced. The 302 bp PCR product was
32P-labeled for Northern blot analysis.
DNA sequencing and analysis
The cDNA insert cloned in pGEM-T vector served as template
for sequencing with the Sequenase version 2.0 (United States
Biochemical, Bad Homburg, Germany). The dideoxynucleotide
chain termination method [271 was used for sequencing both
strands with SP6 and T7 promoter-specific primers (Promega,
Heidelberg, Germany). The obtained nucleotide sequence was
compared with the Gen Bank DNA sequence database employing
a FASTA program.
Northern blot analysis
Total RNA was isolated from 106 TEC and from 5 X i07 HL-60
cells by acid guanidium isothiocyanate-phenol-chioroform proce-
dure. The total amount of RNA was quantitated based on its
i . . rth rn l t l sis of N  fr   and H -60 cells: ten Lg of
total RNJ1 was fractionated on 1% agarose-formaldehyde containing gels and
transferred to a nylon membrane. The blots were probed with the 32P-
labeled 302 bp PCR-fragment. The positions of the ribosomal RNA bands
are indicated at the left.
absorption at 260 rim. Ten micrograms of total RNA were
separated by electrophoresis in an 1% agarose gel with 2.2 M
formaldehyd, transferred to nylon membranes (Gene Screen, Du
Pont, Dreieich, Germany) by capillary blotting in 10 X SSC (NaCI
1.5 M, sodium citrate 0.15 M, pH 7.0) and cross-linked by UV
illumination (UV Strata-linker, Stratagene) at 254 nm for two
minutes. After blotting, the filters were rinsed and prehybridized
in Church buffer (sodium phosphate 0.25 M, pH 7.2, 5 mi EDTA
and 7% SDS) for two to four hours at 65°C. The 302 bp PCR
product used as the probe was labeled using a random priming kit
(Boehringer). The labeled probe was added to the filters and
hybridized overnight. After hybridization the membranes were
washed in 2 x SSC with 1% SDS for 15 minutes at 65°C, followed
by 0.2 X SSC with 1% SDS at 65°C for 10 minutes twice. The filter
was exposed to Kodak X-Omat at —70°C.
Results
Identification of the 14 kDa galectin-1 nucleotide sequence from
TEC by the RT-PCR technique
To detect the 14 kDa lectin binding protein in tubular epithelial
cells, total RNA was isolated and transcribed to cDNA. A DNA
fragment was then amplified by PCR using primers, specific for
the 14 kDa lectin binding protein. A 302 bp fragment that
contained 264 bp from the coding region and 38 bp from the 3'












































Fig. 3. Identification ofgalectin in TEC: TEC were cultivated in the presence
of ?sSmethionine, the cellular proteins were adsorbed to immobilized laminin
and the eluted. The autoradiograph (a) shows multiple bands, one in the
area of 14 kDa. The immunoblot using an antibody to galectin shows a
band in the same region (3); (2) shows the control lane with an rabbit IgG
and (3) the second antibody only.
was carried out in the absence of reverse transcriptase, no bands
were detectable, indicating that the 302 bp fragment originated
from mRNA, and not from genomic DNA.
The PCR product of the lectin sequence was ligated into the
pGEM-T vector and partially sequenced by the dideoxy chain
termination technique using both the SP6 and T7 promoter
specific primers. The obtained nucleotide sequence of the eDNA
was exactly the same as described by Couraud Ct al [28], indicating
that the TEC expressed the 14 kDa /3-galactoside binding protein.
Northern blot analysis
Northern blot analysis was performed using RNA preparations
from TEC and for comparison, HL-60 cells. The cytoplasmatic
lectin mRNA was identified after electrophoresis in denaturing
gels by hybridization to the 302 bp PCR-fragment and sized by
comparison with internal ribosomal RNA bands. In both samples,
two hands were detected (Fig. 2). The strongest hybridization
signal was detected at approximately 700 bases, and a weaker
hybridization band at 1.8 kh.
Identification of the galectin-1 protein in TEC
Cells were cultivated in the presence of [35Sj-methionine for 24
hours. To detect laminin binding proteins, cell lysates and cell
10 100 1000 Fluorescence
Fig. 4. A. Surface expression of galectin-1 as identified by cytofluorometly
using a polyclonal rabbit antibody to galectin-1. For comparison rabbit IgG
was used. The difference of the mean fluorescence was significant (P <
0.001) as calculated according to Kolmogorov-Smirnoff [26]. B. Surface
expression of laminin was tested by use of a monoclonal antibody to
laminin and a FITC-labeled anti mouse IgG. An increase of fluorescence
was seen when compared to mouse IgG. Anti-MHC class I was used as
positive control.
supernatant were adsorbed to immobilized laminin. After elution
the radiolabeled protein were analyzed by SDS-PAGE and auto-
radiography. Multiple protein bands could be detected, one in the
area of 14 kDa (Fig. 3). By Western blotting, using the polyclonal
antibody BAB 93, the band could be identified as galectin-1 (Fig.
3).
To test for surface expression of galectin-1, TEC of the third
passage were removed from the plates by trypsin-EDTA and after
washing incubated with antibodies to galectin-1, BAB 93 or ROB
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Fig. 5, Localization of laminin in TEC by
indirect immunofluorescence: TEC were grown on
glass cover slips; laminin was visualized by an
anti-laminin antibody and a Cy3-labeled anti-IgG
(x 250).
Table 1. Adherence of TEC to laminin or fibronectin
Plates coated with in 4 mM EDTA
Laminin 1.169 0.1 0.329 0.04a
Fibronectin 1.680 0.08 0.467 0.06
BSA 0.080 0.001 0.086 0.002
Values represent adherence measured als crystal violet incorporation.
Data are mean SD (n 6).
Mean significantly different from adherence to BSA (P < 0.001)
analyzed by cytofluorometry. With both antibodies, surface fluo-
rescence could be detected (data for BAB 93 are shown in Fig.
4a).
Suiface binding of laminin
By immunohistochemical methods, it was seen that TEC in
culture synthesize laminin. The strongest staining appeared intra-
cellularly (Fig. 5). Surface binding of laminin was tested by
cytofluorometry. An increase of mean fluorescence of 40% was
detected (P < 0.01), when compared to cells that had been
incubated in the absence of anti-laminin (Fig. 4b).
Adhesion of TEC to laminin
In a first set of experiments, adhesion of TEC to a laminin
matrix and for comparison to fibronectin or BSA was tested. After
one hour at 37°C about 4.4-fold more TEC were found on laminin
and 5.8-fold more on the fibronectin than on BSA (N = 6, P <
0,001). In the presence of 4 m'vi EDTA, the adherence to laminin
and to fibronectin was greatly reduced, but still better than
binding to BSA (Table 1).
Discussion
TEC in culture adhered to extracellular matrix proteins, includ-
ing laminin. Various laminin binding proteins have been de-
scribed, for example, the 1 integrins VLA-3 and VLA-6, a 67
kDa laminin receptor and a 14 kDa galactose binding protein [17].
In tissue sections, expression of the integrins and of the 67 kDa
receptors in the tubuli was seen, but to date no information on the
14 kDa protein has been available.
To test for its expression in TEC, RT-PCR was used with
primers specific for the 14 kd lectin binding protein; a nucleotide
sequence with 100% homology was detected. With this 302 bp
fragment a strong hybridization band was obtained at approxi-
mately 700 base pairs by Northern blotting. The size is in excellent
agreement with the sequence data for the 14 kDa lectin binding
protein reported by Couraud et al [28]. In addition to this small
transcript, a weaker hybridization band at approximately 1.8 kb
was found that might represent mRNA of Mac-2, another /3-gal-
actoside-binding lectin [29].
After biosynthetic labeling of the epithelial cell proteins, among
others there was a binding of a 14 kDa protein to laminin, which
by immunoblotting could be identified as galectin-1, indicating
that galectin-1 is also synthesized by tubular epithelial cells. The
other proteins with an apparent affinity for laminin were not
identified further, but might represent integrin chains or other
laminin binding proteins. It has been proposed that the 67 kDa
laminin receptor consists of a 37 kDa protein and the 14 kDa
galactose binding protein [17]; in that case our data in cultivated
cells would he supported by the in vivo findings.
Galectin-1 belongs to a family of lectin binding proteins, and is
synthesized and located in a number of different cells and tissues
[30—36]. Binding to carbohydrate-containing structures, including
laminin, appears to be its major function.
Whether or not the attachment of the extracellular matrix to
basement membranes or to laminin is a major function of the
lectin-binding protein of TEC is not known, but obviously it also
binds to immobilized laminin.
TEC in culture adhere readily to laminin or to fibronectin.
Integrins with affinity for laminin and fibronectin, such as VLA-3
and VLA-6, that are expressed on TEC appear to be good
candidates to mediate binding. On the other hand, adherence is
also seen in the presence of 4 m'vi EDTA, which prevents binding
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by integrins. Though binding is reduced it is still possible, suggest-
ing a Ca2 independent binding, such as galectin-1-mediated
adherence, is possible. Under our experimental conditions, adher-
ence dependent on Ca2, and therefore most probably on inte-
grins, appeared to be predominant when compared to binding in
the presence of EDTA. On the other hand, cultivated TEC
already carry laminin on their surface. Thus far the cellular
binding sites have not been identified, but it is possible that
surface-associated galectin-1 binds newly generated laminin, and
consequently the binding site is already occupied and binding to
matrix-larninin via galectin-1 will be low.
Binding of newly synthesized laminin to the surface might be a
function to be considered for galectin-1.
Reprint requests to Dr. G.M. Hänsch, Institut fur Immunologic der
Universität Heidelberg, Im Neuenheimer Feld 305, 69120 Heidelberg, Ger-
many.
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